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54: Ultra-fine silica particle polishing stone and method of 
making the same 

71: Applicant: Fujietsu Kikai Kogyo Co. Ltd. 
57: Summary 

Objective: To provide a polishing stone made of ultra-fine 
silica particles to prevent the formation of fine cracks, to 
promote self -activation effects of the polishing powder, to 
prevent pore plugging by providing escape path for polishing 
byproducts, and to provide a high porosity factor. 
Construction: The feature is the formation of a porosity factor 
in a range of 0-80 % by press forming ultra-fine silica powder 
coated with a phenol resin. 
[Claims] 

1. An ultra-fine silica particle polishing stone 
featuring a porosity factor in a range of 0-80 % made by press 
forming silica particles coated with a phenol resiru 

2. An ultra-fine silica particle polishing stone 
according to claim 1 featuring a ratio of silica particles to 
phenol resin in a range of 1-99 volume percent. 

3. An ultra-fine silica particle polishing stone 
according to one of claim 1 or 2 featuring Vicker's hardness 
in a range of 1-40 Hv. 



1 



4. An ultra-fine silica particle polishing stone 
according to one of claim 1 , 2 or 3 featuring a degree of 
concentration in a range of 50-300. 

5. A method for making a polishing stone comprising 
the steps of: preparing a slurry by dissolving a thermosetting 
phenol resin in a volatile solvent and adding ultra-fine silica 
particles in the liquid and mixing uniformly; preparing a dried 
matter by evaporating volatile components for the mixed liquid; 
preparing a press feed material by pulverizing the dried matter 
so that ultra-fine silica particles are coated with the phenol 
resin; press forming the press feed material in a metal mold 
in a vessel maintained in a vacuum atmosphere; and sintering 
a formed body so as to harden the phenol resin coating. 

6. An ultra-fine silica particle polishing stone 
according to claim 5 featuring a step of removing the formed 
body from the metal mold while applying a pressure on the formed 
body . 

7. An ultra-fine silica particle polishing stone 
according to one of claim 5 or 6 featuring a pressure applied 
during the press forming process in a range of 10-600 kgf/cm 2 . 

8. An ultra-fine silica particle polishing stone 
according to one of claim 5, 6 or 7 featuring a ratio of 
ultra-fine silica particles to a thermosetting phenol resin 
in a range of 1-99 volume percent. 

[Detailed Explanation of the Invention] 
[0001] 

[Technological Field of the Invention] This invention relates 
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to an ultra-fine powder silica stone and a method of making 

the same 

[0002] 

[Background Technology] Semiconductor wafers require a high 
degree of mirror finish on the surface. To obtain a surface 
finish of the order of nano-meters , it is effective to use a 
polishing stone comprised by ultra-fine particles . To realize 
such an end, polishing stones made by binding fine particles 
with a phenol resin are being developed, but polishing stones 
made of ultra-fine particles of the order of several to several 
tens of nano-meters are not yet a reality. 

[0003] The reasons for not being able to produce polishing 
stones using such ultra-fine particles are as follows. 
(D One of the characteristics of ultra-fine particles is that 
they tend to cluster and agglomerate, and the particles are 
not able to be thoroughly mixed and kneaded. 

(D Because of the high surface area or apparent density (g/L), 
when the stones are removed from the mold, entrapped air tend 
to escape from the stone to produce internal hair line cracks. 
(3) Even if forming is possible, because of fine internal cracks, 
cracks are easily generated from those regions where the 
particles are clustered and agglomerated. 

(D Even if above problems are resolved, because of the high 
density of the stone, pores become plugged and a lengthy 
fabrication process cannot be performed. 

A method of eliminating pore plugging is to perform forced 
dressing such as continuous dressing of the stone, but 
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self -cleaning stones would be more effective. 
[0004] Therefore, an object of this invention is to provide 
method of making an ultra-fine powder silica polishing stone 
to prevent the formation of fine cracks, to promote self- 
activation effects of the polishing powder, to prevent pore 
plugging by providing escape path for polishing byproducts, 
and to provide a high porosity factor. 
[0005] 

[Means for Solving the Problem] This invention provides the 
following structure to achieve the object. That is, the 
ultra-fine silica particle polishing stone of this invention 
features a porosity factor in a range of 0-80 % made by press 
forming silica particles coated with a phenol resin. It is 
suitable for the ultra-fine silica particle polishing stone 
to have a ratio of silica particles to phenol resin in a range 
of 1-99 volume percent. It is suitable for the ultra-fine 
silica particle polishing stone to have vicker's hardness in 
a range of 1-50 Hv. It is suitable for the ultra^fine silica 
particle polishing stone to have a degree of concentration in 
a range of 50-3 00. The method for making a polishing stone of 
this invention comprises the steps of: preparing a slurry by 
dissolving a thermosetting phenol resin in a volatile solvent 
and adding ultra-fine silica particles in the liquid and mixing 
uniformly; preparing a dried matter by evaporating volatile 
components for the mixed liquid; preparing a press feed material 
by pulverizing the dried matter so that ultra-fine silica 
particles are coated with the phenol resin; press forming the 
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press feed material in a metal mold in a vessel maintained in 
a vacuum atmosphere; and sintering a formed body so as to harden 
the phenol resin coating. It is suitable to remove the formed 
body from the metal mold while applying a pressure on the formed 
body. It is suitable for the ultra-fine silica particle 
polishing stone to have a pressure applied during the press 
forming process in a range of 10-600 kgf/cm 2 . It is suitable 
for the ultra-fine silica particle polishing stone to have a 
ratio of ultra-fine silica particles to a thermosetting phenol 
resin in a range of 1-99 volume percent. 
[0006] 

[Effects] The polishing stone made of ultra-fine particles of 
silica uses a thermosetting phenol resin as the binder to 
generate a porosity factor in a range of 0-80 % , thereby enabling 
silicon wafers and the like to be mirror polished without 
causing pore plugging in the stone. When a mixing ratio of a 
phenol resin to ultra-fine particles of silica in a range of 
5-15% is used, spent silica particles can be conveniently 
dropped "off from the stone. When the vicker's micro-hardness 
is in a range of 1-10 Hv, the stone behaves softly against the 
object so that, when the object is showing bowing, polishing 
stone is able to follow along the surface of the contour. The 
concentration factor is in a range of 50-150, and this range 
is desirable because chip pockets are formed thereby enabling 
to avoid pore plugging. Also, in this invention, stone can be 
cast into a desirable shape without creating fine cracks of 
breakage by vacuum press forming the stone in a metal mold. 
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In particular, less cracks are formed if the stone is taken 

out of the mold under pressure. 

[0007] 

[Preferred Embodiments] Preferred embodiments will be 
presented in the following with reference to the drawings. The 
ultra-fine particles of silica used in this invention are 
produced by vapor phase reaction, particularly, the flame 
hydrolysis decomposition method, which produces silica (Si0 2 ) 
of the finest particles size among the silica powder produced 
according to industrial standards, and is known by its trade 
name Aerogel: Nippon Aerogel Co. Ltd. Table 1 shows the kinds 
of particles used and their properties. It can be seen that 
the particles are very fine particles all under 40 nm, i.e., 
particle diameter of 4 0 nm (No. OX 50), 16 nm (No. 130), 7 nm 
(No. 380 ) . These particles form cloud-like network of clusters 
formed by primary particles of roughly spherical shape, and 
do not exist as separate entities. An exception is the case 
of 40 nm silica, and separate particles can be clearly 
identified. 

[0008] The binder chosen was a phenol resin for the following 
reasons . 

(D The binder does not dissolve in water (polishing solution) 
to cause destruction of the stone form. 

© After mixing the particles with the binder, the mixture can 
be thermally hardened. 

Table 2 shows the properties of the phenol resin used 
as the binder (Sumitomo Dures Co. Ltd.). The proportion of 
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volatile components is 51.7 vol %, and the binder is in a liquid 
form and turns to a gel when heated at 165 °C for 63 seconds, 
[0009] One of the reasons that polishing stone could not be 
made using the ultra-fine particles is that binder does not 
mix well with the particles because of the clusters and 
agglomeration of particles, and this must be resolved. 
Therefore, the method was focused on mixing the particles in 
a liquid form so as to provide as much dispersion as possible 
to the particles. That is, as shown in Figure 1, thermosetting 
phenol resin samples (containing 18 g = 13.8 v/o, 40 g = 26.2 
v/o, 80 g = 41.5 v/o) were dissolved in a large quantity of 
volatile liquid solvents such as ethyl alcohol (1200 g), and 
then 100 g of ultra-fine particle silica were added to make 
a slurry. The slurry was stirred for 10 minutes using a stirrer 
to mix thoroughly. Care was taken to exclude foreign 
substances . 

[0010] After which, the mixture was heated in a vacuum at 50 
°C for 2 hours to vaporize volatile components from the ethyl 
alcohol mixture to produce a dry product. The of the dried 
powdery mixture appears as a light solid matter and is quite 
different from the cloud-like state of the particles before 
mixing. This solid was ground to a powder using a mortar and 
pestle. In this state, phenol resin almost uniformly coats the 
silica powder. The feed material for stone form is thus 
prepared. 

[0011] Figure 2 shows a schematic diagram of the forming 
apparatus. 12 refers to a vessel body, and a transparent 
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material , such as acrylic resin, is suitable to enable to 
observe the internal condition from outside the container . The 
bottom side of the vessel 12 is sealed with a detachable bottom 
plate 14. 16 refers to an o-ring. 18 refers to a movable disc 
that can be moved inside the vessel 12 by being pressed by a 
rod 20 of the pressing apparatus. The movable disc 18 may be 
attached to the bottom of the rod 20. 19 refers to an o-ring. 
21 refers to a metal mold made of superalloy and the like, and 
has a die 22, lower punch 28, upper punch 30. A vertical 
through-hole 24 is formed in the die 22, which is balanced on 
a spring 26 disposed above the bottom plate 14 . The lower punch 
28 is disposed above the bottom plate 14, and its top section 
is inserted into the through-hole 24 from the bottom. The 
bottom section of the upper punch 3 0 is inserted into the 
through-hole from the top. The upper punch 3 0 may be attached 
to the bottom surface of the movable disc 18. A cavity 32 is 
formed between the top surface of the lower punch 2 8 and the 
bottom surface of the upper punch 30. 

[0012] A suction hole 34 is provided on the bottom plate 14 
for communicating the vessel 12 with the outside, and a vacuum 
pump, not shown, is connected to the suction hole 34 ,by means 
of a hose to evacuate the air inside the vessel 12 to create 
a vacuum atmosphere inside the vessel 12. The upper punch 30 
is made longer so as to enable the formed product to be pushed 
out of the die 22. Figure 3 shows a pressurizing apparatus 36. 
This pressurizing apparatus 3 6 is removed from the vessel 12 
after the forming operation, and is comprised by a plurality 



8 



of pressing rods 38 contacting the top surface of the die 22 
of the metal mold 21 disposed on a suitable table in such a 
way that the upper punch 3 0 is at the bottom, a pressing plate 
40 to connect the top end of the pressing rods 38, and 
pressurizing spring 42 disposed between the bottom surface of 
the pressing plate 40 and the lower punch 28. 44 refers to a 
shock absorber. 

[0013] The forming operation may be carried out using the above 
pressing apparatus 10 in the following manner. In the pressing 
apparatus 10, the movable disc 18 and the upper punch 3 0 are 
removed from the forming apparatus. A suitable amount of the 
feed material produced as above, by mixing the binder with the 
ultra-fine particles of silica and made into a powder form, 
is charged into the open cavity 32. Next, after inserting the 
upper punch 30 into the through-hole 24, the movable disc 18 
is moved as much as possible to the to top surface of the upper 
punch 30, and the vessel 12 is sealed. The vacuum pump is used 
to evacuate the interior atmosphere of the vessel 12, and next, 
using the pressing apparatus, the feed material is pressed by 
way of the movable disc 18 and the upper punch 3 0 to form a 
stone form. The air inside the feed material is removed by the 
vacuum pump so that the stone form is made without including 
the air in the feed material. 

[0014] After the forming process is completed/ the metal mold 
21 is removed from the vessel 12. The mold 21 is placed on a 
suitable table so that the upper punch 3 0 is at the bottom, 
and, as shown in Figure 3, pressurizing device 36 is installed. 
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The pressing plate 40 is pressed by using a suitable pressing 
device to load the pressure plate 40. By so doing, the die 22 
is pressed downward through the rods 38, and the formed body 
46 is pushed out by the upper punch 30. In this case the form 
body 46 is pressed by the pressurizing spring 42 . In other words , 
the formed body 4 6 is removed from the die 2 2 while under the 
pressure. By removing the form body while applying the 
pressure, it is possible to produce a good form body that is 
not chipped. In this case, if the form body 4 6 is removed from 
the die 2 2 without applying pressure, when the form body 4 6 
is passing through the through-hole 24, the side of the form 
body 4 6 that faces the free atmosphere is suddenly exposed to 
lesser pressure to cause the form body 4 6 to split and chip 
and the like. The extracted form body 4 6 is dried in a vacuum 
atmosphere at 180 °C for one hour to harden the phenol resin 
to produce a polishing stone. 

[0015] Figure 4 shows the differences in the densities of 
products produced in a vacuum while compressing the form body 
46 at 500 kgf/cm 2 using the forming apparatus 10. The true 
specific gravity of the mixed feed material is different than 
the silica powder itself, as shown in Table 3 showing the 
proportion of silica powder and phenol resin. The porosity 
factor is calculated according to the following relation. 

(1) porosity in silica powder only = (true specific gravity 
of silica powder - density of formed body)/ (true specific 
gravity of silica powder) 

(2) porosity in the silicon mixture = (true specific gravity 
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of mixed silica powder - density of formed body). 

The values of porosity of the mixed silica powder obtained from 

the above relations are show in Figure 5. 

[ 0016 ] From Figures 4 and 5 , the following point can be confirmed 
or estimated. 

(L) Mixed silica powder shows some scatter, but compared with 
the powder before mixing, overall density and porosity results 
are tending to lower values. It is thought that this is because 
the true specific gravity of the phenol resin used as the binder 
is relatively low at about 1 g/cm 3 . 

(D Regarding computation of porosity, silica powder before 
mixing has true specific gravity of 2.2 g/cm 3 , but as the volume 
proportion of phenol resin increases, the true density of the 
mixed silica becomes lower, and when the volume proportion of 
phenol resin is 41.5 vol %, it drops to a value of 1.7 9 g/cm 3 . 
® However, the silica powder before mixing is very fluffy, and 
its apparent density is 60g/L, therefore, the apparent density 
of mixed silica powder is considered to increase as the volume 
proportion of phenol resin increases. Also, it is considered 
that because the degree of binding increases, the density of 
formed body increases . 

@ Because the density increases as the particle size increases 
to lead to lower surface area, when the particles size is small 
as in the case of 7 and 16 nm, there is not too much difference. 
However, when the particle size increases relative to the others 
to 40 nm, the density increases as high as 1 g/cm 3 . 
(D The porosity factor in the mixed silica powder shows an 
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opposite tendency to the density of the formed body. That is, 
as the volume proportion of phenol resin increases, and the 
particle size increases, the porosity factor decreases, but 
overall, it remains in the neighborhood of 50 vol %. 
[0017]- Next, Figure 6 shows a relationship between the pressing 
force and the porosity factor when the ultra-fine particles 
of silica No. OX 50 of 40 nm size are coated with phenol resin 
in various ratios . It is seen that , compared with those without 
the phenol coating, the pressure on the formed body increases, 
and the porosity decreases significantly as the binder volume 
is increased. The distribution of porosity is spread over a 
wide range of 10-70 vol %. Figure 7 shows the results of 
concentration of abrading particles and particle factor 
obtained by converting from the porosity factor. From the 
porosity factor and the concentration factor of the stone, for 
those with high content of binder, it is possible to decrease 
the porosity due to pressure application, the degree of increase 
in the concentration factor is small. When the binder volume 
is 13.8 v/o, in those regions in which the forming pressure 
exceeds 1000 kgf/cm 3 , the concentration factor is slightly 
higher those without the binder coating. 

[0018] Figure 8 shows the results of hardness measurements taken 
with micro Vicker's micro-hardness machine at a load of 2 00 
g. The hardness of the stone, or the degree of binding, can 
be freely controlled in a range of 5-28 Hv depending of the 
value of the forming pressure. When the forming pressure is 
less than 500 kgf/cm 2 , the hardness decreases when the binder 
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increases to more than 30 vol %. As shown by these results, 
the formed body (polishing stone) has a feature that the desired 
degree of concentration, porosity and binding can be obtained 
by adjusting the binder amount and forming pressure. For 
example, using silica powder of 4 0 nm (0X50), if the binder 
is applied, normal press forming can be successful in making 
the stone without using the vacuum. 

[0019] Polishing properties of the polishing stones produced 
using the ultra-fine silica particles were examined. The 
polishing stones were made by adding relatively coarse powder 
No. 0X50 that contains coarse particles of 40 nm size to the 
phenol resin, and after the mixture was formed and sintered, 
polishing stones in a cup form, outer diameter of 150 cm and 
width of 10 mm, were produced, and before they are fabricated, 
they were subjected to diamond tooling, with #12 0 0 diamond, 
to improve the shape of the stones. Application of the 
polishing stone made of ultra-fine particles of silica to mirror 
polishing was performed according a test method similar to 
infield grinding that is not limited by the particle size. To 
be able to confirm the mirror condition of the surface of silicon 
wafer, as the polishing object, during the polishing operation, 
a one-sided disk table (LapotesterMG773B model, Maruto Co. 
Ltd.) was used to mount the polishing object, and the stone 
was attached to the work shaft and both were rotated. In this 
case, the stone is constantly under a given pressure and is 
oscillated to left /right while polishing. The polishing 
object was unprocessed silicon wafer of 3-6 inch diameter and 
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was polished using #1200 diamond stone to produce a flat surface, 
which was then mirror polished. 

[0020] The properties produced by silicon wafer mirror 
polishing were evaluated by a non-contacting type instrument 
(WYKO: TOPO-2D WYKO Co. Ltd.) for measuring the surface 
roughness using evaluation length at 324//m and wavelength at 
647.7 nm, and polishing ratio was evaluated using a 3-point 
micrometer. Mirror polishing using the ultra-fine particles, 
there are not many chip pockets and the pores can be clogged 
easily. Therefore, to avoid creating such pore plugging, the 
number of chip pockets was increased so that those porous 
materials are adopted as much as possible. Figure 9 shows 
surface roughness and polishing ratio obtained by using stones 
having a relative high porosity factor in a range of 45-55 vol % . 
As the porosity factor increases, surf ace roughness is improved, 
but above the porosity factor of 50 vol %, there is not too 
much change, and stayed at about Ral nm. Also, the polishing 
ratio approaches 1 up to a level of porosity factor of about 
50 vol %, but any increase beyond this value brought about a 
gradual decrease. It is considered that this is because when 
the porosity factor is increased beyond a certain level, it 
becomes easier to remove polishing by product produced by the 
polishing operation, and therefore, for roughly the same 
binding degree, those having a higher concentration factor 
provides more efficient debris removal, so that there is 
improvement in surface roughness. 

[0021] Figure 10 shows an effect of the binding factor of the 
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silica stone on the mirror polish properties. In the range of 
porosity factors between 7-19 vol % in which it is thought that 
factor is relatively high porosity and particle concentration 
factors, lesser the binding factor the rougher the surface and 
the higher the polishing ratio. Although polishing stones 
having higher binding factor than the above range were tried, 
but pore plugging was generated and it was not possible to use 
the stones for very long. Therefore, it can be said that the 
polishing stones of this invention shows improved polishing 
properties for higher porosity factors and concentration 
factors but lower binding degrees . 



[0022] 
Table 1 



NO. 


0X50 


130 


380 


surface area (m 2 /g) 


5 0±1 5 


120±20 


380±30 


particle size (nm) 


40 


16 


7 


apparent sp. gravity (g/L) 


80 


60 


60 


true sp. gravity (g/cm 3 ) 


2.2 


2.2 


2.2 



[0023] 
Table 2 



sp. gravity (g/L) 


1.026 


viscosity (poise) 


0.2 


gelling temp, time 


165 °C , 63 s 


non-volatiles (v/o) 


48.3 
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[0024] 



Table 3 



binder volume 
(vol %) 


weight of 
silica (g) 


Binder* 

X_S — L_ X X -X_ 

weight ( g ) 


true weiaht of 
mixture (g/cm 3 ) 


0 






2.20 


13.8 


50 


9 


2 .06 


26.2 


50 


20 


1 .94 


41.5 


50 


40 


1.79 



[0025] 

[Effects of the Invention] The polishing stone of this invention 
made of ultra-fine silica particles is able to produce high 
precision mirror polish on polishing objects such as silicon 
wafers without creating pore plugging, by using a phenol resin 
as a binder to cement silica particles so that the pore factor 
is in a range of 0-80 %, especially 50-80 %. By producing a 
mixture so that the ratio of resin to silica is in a range of 
1-99 vol %, especially 5-15 vol %, the reacted silica abrading 
particles fall away to prevent pore plugging. The Vicker's 
micro-hardness is in a range of 1-40 Hv, especially 1-10 is 
preferable because the stone is soft so that the polishing 
action follows the surface contour of the polishing object. 
The concentration factor is in a range of 50-300 , especially 
50-150 so that the chip pockets will be formed and pore plugging 
is prevented. Also, the feed material is press formed to a 
desirable shape in a vacuum atmosphere to avoid generating 
cracks and splits. Particularly, when the formed stone is 
taken out of the metal mold, generation of cracks can be 
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prevented* by applying pressure on the formed body while it is 

being removed from the mold. 

[Simple Explanation of the Drawings] 

Figure 1 is a diagram of manufacturing steps . 

Figure 2 is a cross sectional view of the forming apparatus. 

Figure 3 is an illustration of a pressurizing device. 

Figure 4 is a graph showing the density of formed body when 

the pressing pressure is 5 00 kgf/cm 2 . 

Figure 5 is a graph showing the porosity factor of formed body 
when the pressing pressure is 500 kgf/cm 2 . 

Figure 6 is a graph showing the porosity factor properties vs. 
pressing pressure. 

Figure 7 is graph showing the concentration factor and particle 
factor. 

Figure 8 is a graph showing the binding degree (hardness) the 
polishing ratio. 

Figure 9 is a graph showing the finish roughness and polishing 
ratio . 

Figure 10 is a graph showing the effects of the binding degree 

on the mirror polishing properties, 

[Explanation of Reference Numerals] 

10 forming apparatus 

12 vessel body 

14 bottom plate 

18 movable plate 

21 metal mold 

22 die 
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24 through-hole 

2 6 spring 

2 8 lower punch 

3 0 upper punch 

3 2 cavity 

36 pressurizing device 

38 pressing rod 

40 pressure plate 

42 pressurizing spring 

4 6 formed body 
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